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, HEATTRANSFERTOSURFACEANUGAPSOF

RSI TILE ARRAYSIN TURBULENTFLOWAT HACH10.3

David A. Throckmorton

Summary

Heat transfer to gapwalls and surface of a simulated reusable

surface tnsulation (RSI) t11e array are presenCed. The data-were

obtained tn the thick, turbulent tunnel wall boundary1,_verof the

Langley CoRl:tmJou__FlowHypersonicTunnel at a freestream Mach......

numbe_._Z.ZQ.2.._nC.afreestream unit Reynoldsnumberof 1 x 106/ft.

Pertinent test variables were: tile array orientation (staggered and

In-llne),gapwidth,flowangularity,and tllemismatch.
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INTRODUCTION

' The shuttle'::'_:_l_iprotectlc_,__s,ys,.¢_(TPS) design concept ca?_

for thevehiclesurlaceto be covere_wltP__ brlc_-llkearrayof silica

reusablesurfaceins_ation(RSI)t_les. A majorconcernassociated

withthisTPSdesignresultsfromIrterferenceheatingto the tile

surfaceand thesmallthermal-expansiongapsbetweentiles. Presence

of thegapsmay resultin increaseoboundarylayerturbulenceand

surfaceheating;heatinglevelswithinthe gapsmay alsobe severedue

to flowreattachmentphenomena.In addition,radiationblockage

withinthe gap_may produceextremegapwalltemperaturesevenat low

heatinglevels,and the shortheatpathsmay resultin excessivebond-

linetemperatures.

Inorderto betterdefinethe heatingwhichthe tilesurfaceand

gapwallswillexperience,testswere conductedon a fu11-scale

simulatedtilearrayin thethick_turbulent,tunnelwallboundary

layerof the LangleyContinuousFlowHypersonic,'L_:_e_.Testconditions

werefreestreamMachnumber, M = !0.3__nd freest;_aamunitReynolds

number, RN = I x 106/ft.Geometricparametersvariedduringthetest

weregapwidth,tilearrayorientation(staggered/in-line),flow

: angularity, and tile mismatch.

Detailed analysts and correlation o? the data obtained from this

testarebeingconductedby McDonnellDouglasAstronauticsCompany

' under NASAContract NASg-1343g,Data Correlation and Analysis of Arc

I" Tunnel andWindTunnel Tests of RSI Joints andGaps. _hts report

presentsthe testdataonly;no dataanalysisis included.

m

l

i

00000001-TSA04



2
o2

SYMBOLS

Cp spectftc heat of modelmatertal

h heat transfer coefficient

hfp heat transfer coefficient to flat plate on tunnel stde wall

M® f_reestream-Machnumber

RN ¢reestream untt Reynoldsnumber

t ttm

Taw adtabattc wall temperature

Tw, wall temperature

w gap wtdth

X modelsurface coordinate

Y modelsurface coordinate

_, modelwall thickness

P model matertal denstty

e flow angle

MODELDESCRIPTION

The simulated full-scale tile-array modelutilized tn these tests 7

is Illustrated schematically tn Figure 1. The modelconsisted of a ]
]

single 6- by 6-tnch thtn sktn ttle surroundedby stx RSI tiles as I

shown. Thts array was set tn an adapter (Ftgure 2) to the factltty I

model Injection mechanismtn order to provtde testing flush to the I

tunnel stde well. Photographsof the modelInstalled on the Injection i

mechafltsmjand Injected flush to the tunnel stde wall (both tn-ltne and !!
J

staggeredorientations) are showntn Ftgures 3 and4, respectively, j
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The tile array was constructed such that g_p width betw_n tiles

could be varied. Metal shims (Ftgure 2) were usedto altne all tiles

flush with the tunnel wall, as well as to provide mismatchof the

instrumented thin-skin tile relattve to the surrounding tiles. For

all test runs, the gapsbetweenthe adapter walls and the RSI tile

side walls were eliminated by ftlltng with a high temperal:urerubber

sealant.

The thin-skin tile was fabricated of #304 stainless steel with a

uniform thickness of 0.010 inch. The ttle was instrumented with 81,

30-gagechromel-alumelthermocouplesnominally located as indicated in

Figure 5. Orientation of the instrumented portion of the thin skin

' tile relattve to the surrounding RSI ttles is Illustrated tn Figure 6.

• Theentire tile arrw could be rotated a full 3600 to allow measurement

of the heat transfer to al1 ttle surfaces for the full range of posstble

flow angulart ties.

TESTCONDITIONSANDVARIABLESMATRIX

Tests were conductedin the tunnel wall boundarylayer of the

Langley ContinuousFlow HypersonicTunnel with freestream flow

• conditions of Machnumber, Moo= 10.3, and unit Reynoldsnumber,

RN - I x 106/ft. At these conditions, the tunnel wall boundarylayer

" is fully turbulent wi .h a displacement thickness, 6*, of approximately

I/ inches. Varied test ttle orientation (staggered/ I4.75 parameterswere:

In-llne),gapwidth,flowangularlty,and tllemismatch.An outllneof
J

thefulltestmatrixis presentedbelow:

r
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GAP TILEARRAY TILE FLOW
WIDTH(in.) ORIENTATION MISMATCH(in.) ANGULARITY(degs.)

0.05 Staggered O, +0.10 O, 7.5,15,30,45

In-line O, +0.10 O, 7.5,15,30
i

0.09 Staggered O, +0.10,-0.066 O, 7.5,15, 30,45

In-line O, +0.10,-0.066 O, 7.5, 15,30
i i i

O.18 Staggered O, +0.10 O, 7.5, 15,30,45

In-line O, +0.10 O, 7.5,15,30
i

0.28 Staggered O, +0.10 O, 7.5,15,30,45

In-line O, +0.10 O, 7.5,15,30
l

TESTPROCEDUREANDDATAREDUCTION

The transientcalorin_tertechniquewas usedto measuretheheat

transferto the surfacesof the thinskintile. The testswereconducted

with themdel initiallyat roomtemperaturein an injectionchamber

adjacentto the tunneltestsection,at a pressureequalto the test q

sectionstaticpressure.Withhypersonicflowestablishedin the test

section,then_delwas rapidlyinjectedto thetestpositionand tempera-

turedatawere recordedforeachthermocoupleat a rateof 20 samples/

second.

Forda¢areductionpurposes,the one-halfsecondintervalof data

immediatelyfo11_wingn_delinjectionwas ignoredto allowsteady

stateconditionsto stabilize.A quadraticleastsquarescurvewas
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ftl; to the following lO-second;nterval of data1, for each thermocouple.
-)
: Rate of changeof temperature wtth ttme- (aT=_.w)w_s evaluated analytically

" from _he curve fit expresslon at the tntttal potnt of the curve fit,i

and heat transfer coefficients were computedfrom the expression:

pCp_,
h _ JJ i i i i i

Taw.- %

Adiabatic wall temperature (Taw) wascalculated with an assumed !

recovery factor of 0.89.

All data weYonon-dimenstonaltzedby the heat transfer coefficient

measuredat the centerltne of a s_oth flat plate on the tunnel side

wallunderthe samenominalflowcor:_",t':_nsAs the tilearray. A

photographof the flatplatemocelandthe flatplateheatingdataare

presentedin Figures7 and8, respectively.The referenceflatplate

heattransfercoefficientwas measuredat a pointcorrespondingto

theforwardedgeof theinstrumentedtile,

hfp = 0.000125 _ secOR .,

i • - ii iii i i , i •

IThelonginterval(~10seconds)of temperature-timedatausedfor
heat traflsfer rate calculation allowed measurementof the extremely
low heattng rates found in the gaps. Theseheating rates were not
discernible whenthe normal interval (_1 second)of data was
considered. Analysis of representative data from this test indicated
_hatwhile _he 10-secondtnterval provided measurementso_ lower

heating rate data than the shorter interval, the long tnterval hadonly a negligible effect (< 3 ercent) on the accuracyof the surface
heating ra_e measurements. Maximumdifference of -15 percent was

' observedat the thermocouplewithin the gap nearest the tile surface,
where significant conductione"_ects would be expected. All heating
rateswerecalculated using "'".,._:O-secondtimeinterval

.............. 00000001-TSAOI
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All,data presmlted tn thts re_,tl,,a_ke tn the form h/hf_p_,and are 1

plot,ted versus su_ace coordinates deftned tn Ftgure 9. The two

coor-d_ate system (for staggered/In-line or_tentattons) each have

their ortgtn aC-_.hecenter of the thtn sktn t11e and are ¢txed-_tth

respect to the ¢tie array. The plot symbolcodeused tn the presenta-

t{on of resu]l:s ts showntn Ftgure 10.

The test data are presented tn Ftgures 11-28 categoJ_tzedby

ndsmatch,gapwtdth, andarray orientation. Dst:atot flu._-mounted

tt]es are showntn Ftgures 11-18 for the four gapwtdths. In stmt]aP

manner,_datafor a protruding ttle are contained tn FtguPes19-26 and

foP a recessedttle--tn Ftgures 27-_nd 28. Test-<jeomeCHesand

co_es_l_Lt_ure r_umbe_'sare 11sl:edtn Table I.

m!.

#,•

!
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_B_-%- DATAF_GURECONTENTS

Ft@u_ GapkLtdth, w _sngztch s
Numbe_. (Inches.) (Znches! Ttle Orientation

_ _ u_._,,._lm_, _

11 0.05 0 Staggered
1_ 0.05 In-11ne13 0.09

Staggered
14..... 0.09 In-llne1B O.18 Staggered

0.18 In-11rmL7 0,28 Staggered
18 O.28 0 !_- 1'Lne

19 O.05 O.100 Staggered
0.05 J Zn-11ne

21 O.og I Staggered

22 o.og %n-11ne
23 O.]8 Staggered
24 O.18 Zn-Hne25 0.28

Staggered
26 0.28 O.100 In-Itne

27 0.09 -0.066 Staggered28 0.09 -0.066 In 11ne

• !

, j
J
I
t
I
l

1
1

1
;I

• !
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ROTATIONPLATE ,j

!
i

All dtmens-t.onstn tnches.

INSTRUMENTE_..Z]tINSKINTILE (6x6)

Ftgure 1.- SimulatedTtle APrayModelSchematic.
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i Figure 2.- Model M._;! ,,_Adapter and Associated Hardware.
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Ttle surface cen_er

All dimensionstn tnches.

Ftgu_e 5.- NomtnalThermocoupleLocations.
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STAGGEREDTILE ORIENTATION

I

Therrnocouple 1ocati on Thermocouple 1ocati on
"BoCtom" "Top"

IN-LINETILEO_IENTATIQN

P _P _ ' / _' _P

I _++ 44_+ + _ Ð!i, 4. 4. ,_w 4w a

\ =;/IL

Thermocoup]e ]ocatt on Thermocoup]e ]ocatfon
"Forward" "Aft"

Figure6.-RelatlveLocationof InstrumentedPortion
of ThinSkinTile.
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Figure8.- HeatTransferto SmoothFlatPlateon Tunnel
Slde-wall.
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STAGGEREDORXENTATION

li i
,.- IN'LINE ORIENTATION

i: _'t,L_ ,

'r
,j

]* Ftgure 9.- Coordinate Systems Used for Data Presentation.

..... .......................................................... . ......................................................... ,.:.......... ,,__ _._
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Flow Dt

i I

/__ Jl
oJ_ .:

Ti
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STAGGEREDORIENTATION

Flow Dt I

O_ _ + + +

I
]

_ ++ ++'--[_ i

L_ On A I
IN-LINE ORIENTATION !

): i
i

Ftgure 10.- Plot S:/mbolsUsed for Data Presentation.
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